Purpose. To report the radiological and clinical results of revision total hip arthroplasty (THA) with femoral impaction bone grafting (IBG). Methods. 4 men and 9 women (15 hips) aged 38 to 84 years underwent revision THA with femoral IBG using Elite plus stems for aseptic loosening or infection. Results. The mean follow-up duration was 7.7 years. The Harris hip score improved from 61.7 to 83.7. There was no pain in 11 hips and slight pain in 4. The mean subsidence was 5.7 mm. The mean change of alignment was 1.2º. There was no radiological evidence of stem loosening. One stem was revised due to a peri-prosthetic fracture. Cortical healing was noted in 11 hips, and trabecular incorporation in 10. Conclusion. Although intra-and post-operative complications were not uncommon, femoral IBG is a safe procedure in carefully selected patients and offers good medium-term results.
INTRODUCTION
Morselised bone allograft with cement has been used for acetabular protrusion in primary total hip arthroplasty (THA), acetabular deficiencies in revision THA, [1] [2] [3] and revision of the femoral component using the Exeter stem. 4 Impaction bone grafting (IBG) enables re-creation of the deficient endosteum and regaining of lost bone stock in the proximal femur. It is especially useful in younger patients who may undergo re-revision arthroplasties in future (in whom insufficient bone stock may become a serious problem), or in patients with a wide medullary canal and thin cortices (at risk of fracture after cementless fixation). 5 It has achieved good long-term results, [6] [7] [8] but intra-and post-operative complications are not uncommon, especially fractures and massive subsidence. [9] [10] [11] We report the radiological and clinical results of revision THA with femoral IBG using standard length Elite plus stems.
MATERIALS AND METHODS
Between 1996 and 2005, 4 men and 9 women (15 hips) aged 38 to 84 (mean, 61; standard deviation [SD], 13) years underwent revision THA with femoral IBG for aseptic loosening (n=14) or infection (n=1). Four of the cases were re-revisions. The primary diagnoses included avascular necrosis (n=6), femoral neck fracture (n=5), ankylosing spondylitis (n=3), and unknown (n=1). The original femoral components were cemented in 10 hips and cementless in 5. The mean interval from previous surgery was 13 (range, 4-30; SD, 8) years.
The posterior approach was used. After removal of the old femoral stems, debridement of the cement, debris and fibrous membrane was carried out, and femoral bone defects were reconstructed and reinforced. Fresh-frozen femoral heads obtained from our bone bank were sliced and milled into bone chips of 3 to 5 mm in diameter, after removing the articular cartilage.
The revision THA system included a guide-wire and cannulated distal and proximal phantom packers assembled on a removable handle. The proximal packers had the same shape as the femoral component i.e. Elite plus or Charnley stem. A distal intramedullary plug was placed about 2 cm below the tip of the femoral stem. A guide wire was screwed into the distal plug. Bone chips were then inserted using the distal packer, followed by proximal impaction with appropriately sized phantoms passed over the guide wire. The impaction was considered adequate when the phantom achieved axial and rotational stability and could not be pulled out manually. Bone cement was then injected retrogradely into the neomedullary canal, and the Elite plus stem (DePuy, Leeds, UK) of standard length was inserted. For the acetabular side, the cementless Duraloc cup (DePuy, Leeds, UK) was used in 13 hips, and the cemented Ogee cup in one hip. One hip was considered stable and only the polyethylene insert was changed. Postoperatively, toe-touch-down walking was allowed for 6 weeks, followed by full weight-bearing walking.
Patients were followed up at month 3, 6, and 12, and then yearly thereafter. Clinical outcome was assessed using the Harris hip score (HHS). Preoperative bone defects (according to Endo-Klinik classification), subsidence and alignment change of the stem (Fig. 1) , presence of radiolucent lines in any Gruen zones, 12 trabecular incorporation and cortical repair 4 were measured using standardised serial radiographs on a computer. Subsidence was defined as minimal (<5 mm), moderate (5-10 mm), or massive (>10 mm). Alignment was defined as neutral (<4º) or valgus/varus (≥4º).
RESULTS
The mean follow-up duration was 7.7 (range, 4-13; SD, 3) years. One patient died from hepatocellular carcinoma 6 years later, and another from nasopharyngeal carcinoma after 8.5 years. In both patients the stems were stable. Additional fixation devices were used to provide extramedullary stability for 8 hips; 6 strut allografts and cerclage wires/cables (4 to repair diaphyseal cortical bone defects and 2 to prophylactically reinforce the near-perforating cortices) and 5 wire meshes and cerclage wires/ cables to repair calcar and metaphyseal bone defects were used. One hip with intra-operative fracture of the greater trochanter was treated with trochanteric grip fixation. The mean HHS improved significantly from 62 (range, 32-96; SD, 21) to 84 (range, 70-100; SD, 10) [p<0.01, paired t-test]. Only one patient with ankylosing spondylitis had a reduced HHS (from 96 to 78), owing to the progressive generalised arthropathy involving the spine and contralateral hip. He did not complain of any pain over the replaced hip. Another patient had limited improvement in HHS following a cerebrovascular accident. There was no pain in 11 hips and slight pain in 4. All patients were satisfied with the outcome.
Preoperatively, 4 hips had Endo-Klinik grade 2 bone defects, 7 had grade 3, and 4 had grade 4 bone defects. At one-year follow-up, the mean stem subsidence was 3 (range, -1-11; SD, 4) mm; in 10 hips it was minimal (<5 mm), in 3 it was moderate (5-10 mm), and in one it was massive (>10 mm). The mean stem subsidence in the 4 hips with grade 2 bone loss was 0.5 mm, whereas in the 7 hips with grade 3 defects it was 2 mm, and in the 4 hips with grade 4 defects it was 8 mm. Stem subsidence in the first year was associated with preoperative bone defects (p=0.027, Kruskal Wallis test). Using the Mann-Whitney U test, significant differences in subsidence were noted between grades 2 and 4 (p=0.034) and grades 3 and 4 (p=0.022), but not between grades 2 and 3 (p=0.218). Grade 4 bone defects resulted in more subsidence than grades 2 and 3 defects. Satisfactory graft impaction was more difficult to achieve in femora with severe bone defects.
At the final follow-up, the mean stem subsidence increased to 6 (range, 0.6-17; SD, 5) mm; 7 hips were minimal, 5 were moderate, and 2 were massive. The mean stem subsidence in those with grade 2 bone defects increased to 4 mm, whereas in grade 3 defects it increased to 4 mm, and in grade 4 defects it increased to 12 mm (necessitating strut allograft reconstruction). The difference among groups was not significant (p=0.183, Kruskal Wallis test). In the 2 hips with massive subsidence (13 and 17 mm) , subsidence mostly took place during the first year and the first 4 years, respectively (Fig. 2) . Both achieved neutral alignment (1.6º and 0.8º, respectively). None of patients with moderate-to-massive subsidence had thigh pain, aseptic loosening, or dislocation.
One hip had varus alignment immediate after surgery, and one more at the final follow-up. Neither was associated with massive subsidence. The mean alignment change at the first year was 0.8º (range, 0.2º-1.7º; SD, 0.6º), and at the final follow-up it was 1.2º (range, 0.01º-2.7º; SD, 0.8º).
All strut allografts healed and showed evidence of incorporation into the host bone. Cortical healing was noted in 11 hips and 49 out of 185 assessable zones, whereas trabecular incorporation was noted in 10 hips and 21 assessable zones (Fig. 3) . In 10 hips with both cortical healing and trabecular incorporation, 7 had minimal subsidence, 2 had moderate subsidence, and one had massive subsidence. Three hips did not show evidence of cortical healing or trabecular incorporation, 2 of which had moderate subsidence and one had massive subsidence.
Radiolucent line between cement and graft was identified in 3 hips/5 zones immediately after surgery, and in 6 hips/16 zones at the final assessment. Zone 1 is the most common site for radiolucent lines, and was present in all 6 hips. Cortical healing was observed in all 6 hips (32 zones), and trabecular incorporation in 5 hips (11 zones). There was no radiolucent line observed at the cement-stem interface. No femoral stems were radiographically loose and no femoral debonding was observed at the final follow-up.
Five patients had iatrogenic bone defects (Table) ; 3 had intra-operative fractures involving the metaphyseal regions, and 2 had small perforation of the cortex that was only noticed on the postoperative radiographs because of extravasated cement. Both patients had minimal stem subsidence at the final follow-up. Two patients had deep infections. One was treated with antibiotics because of cardiac comorbidity that contraindicated re-revision. The other underwent debridement and exchange of the polyethylene insert and femoral head. Two patients sustained periprosthetic fractures. One was a Vancouver type C fracture (Fig. 4a) reduction and internal fixation. The other had a Vancouver type B2 fracture (Fig. 4b ) that was sustained 5 months after surgery and re-revised to a cementless long stem.
DISCUSSION
The overall complication rate in our series was relatively high, particularly intra-operative fractures, possibly due to the small number of patients. Initial stem subsidence is associated with inadequate cement pressurisation. 13 Early subsidence of polished, double-tapered, collarless stems varies from 2 to 10 mm, and clinical signs of failure were mostly absent. 4, 9, 14 In a series of 226 revision THAs with IBG, 15 massive subsidence was associated with higher preoperative Endo-Klinik grade bone loss. The use of longer stems to bypass the poor-quality bone is suggested as a means of preventing postoperative fractures. 15 Stem subsidence becomes stablised after the first year. 7, 16, 17 Although severe preoperative bone defects give rise to more stem subsidence during the early postoperative period; once the allograft starts to heal and the whole construct becomes stabilised, further subsidence is limited regardless of the severity of bone defects. Stem subsidence larger than 5 mm is regarded as failure. 9, [18] [19] [20] Nonetheless, cold flow 21 of the cement mantle may help the stem subside without becoming symptomatically loose. Subsidence may also provide a beneficial compressive load to the bone graft. 22 In a study of 43 femoral IBG revision THAs, 23 moderate-to-massive subsidence was found in 19% of the femora, but none had stem loosening. Subsidence did not seem to affect the clinical results. 4 Different outcomes in different reports could be explained by the inconsistent use of inclusion criteria, the various surgical technique employed, the types of allografts used, stem geometry and the methods used for analysis. Failure of IBG is difficult to define because the stem may remain stable despite presence of subsidence and radiolucent lines. Stem subsidence decreased when cortical healing and trabecular incorporation were present. The graft healing rate in our study was comparable to that of others. 4, 24 Mal-alignment contributes to moderate-tomassive stem subsidence. 9 Nonetheless, neither of the 2 stems with massive subsidence was mal-aligned, which may be a reflection of our small sample size. Further study is warranted to evaluate the association between mal-alignment and subsidence of stems.
Most studies on IBG used the Exeter stem, which is highly polished and double-tapered. We used the Elite-plus stem, which has a composite beam design and a vaquasheened surface. Different prosthesis systems using femoral IBG have been compared. 19, 25 When the Exeter stem was used, the cement mantle was absent in 47% to 50% of Gruen zones, which was much less when the Charnley/Elite plus stem was used (11%). This appeared due to inadequate differentials between the trial and actual component size. Therefore, an adequate and uninterrupted cement mantle is important for the longevity of the THA. In a study of 79 IBG femoral revisions using the Charnley or Elite plus stem, 26 trabecular incorporation was noted in 61% of the Gruen zones, and the clinical scores improved significantly, with a survivorship of 95% at a mean follow-up of 4 years. In a randomised trial comparing the Exeter stem with the Elite plus stem in femoral IBG in 22 patients, 27 the Elite plus group had less first-year subsidence and no further subsidence after one year, whereas the Exeter group had more subsidence during the first year and subsidence continued in the second year. Nonetheless, the success of femoral IBG revision appears to depend more on the impaction technique and mechanical property of the impacted grafts, rather than the stem design.
In our study, good medium-term clinical outcome was achieved after femoral IBG. Although subsidence is common, the final outcome was not affected in terms of HHS, thigh pain and aseptic loosening. Evidence of bone healing was also noted in most cases, indicating stem stability and replenishing of the host bone stock. Femoral IBG is a useful and effective solution in Chinese patients requiring revision THA.
